The life cycle of the species forming the genus Marteilia (Phylum Paramyxea), which are marine protozoan parasites of molluscs, is still poorly known, although there are evidences of the need of intermediate hosts. Until now, only the calanoid copepod Acartia (Paracartia) grani has demonstrated being involved in the life cycle of the parasite infecting flat oysters growing in ponds. However, no complex natural environments such as bays or estuaries have been studied for this purpose. Herein, we conducted a survey of the presence of the protozoan Mateilia by PCR in the zooplankton community of a natural ecosystem, the Alfacs and Fangar bays in the Delta de l'Ebre (NW Mediterranean). Identification of zooplankton species found infected allowed us to propose two new Marteilia hosts: the Cyclopoida Oithona sp. and an undeterminated Harpaticoida species. This is the first report of Marteilia in Zooplankton species sampling in a natural enzootic area.
INTRODUCTION
Species of the genus Marteilia are protozoan parasites belonging to the Phylum Paramyxea which affect commercially important bivalve species such as the mussels Mytilus galloprovincialis and M. edulis, and the European flat oyster Ostrea edulis (Grizel et al., 1974; Villalba et al., 1993; Fuentes et al., 2002) . This parasite is responsible for a notifiable disease to the OIE (the World Organisation for Animal Health) (Anonymous, 2005) . The infection by Marteilia refringens was reported for the first time in Europe in 1968 in flat oysters Ostrea edulis in Aber Wrach, Brittany (Comps 1970) and nowadays its life cycle is still not clear. Previous studies described parasite dynamics in oysters, and showed that the transmission period of Marteilia refringens was from June to August, in Atlantic waters, when water temperatures is over 17ºC. During this period and these conditions, uninfected oysters can become infected by the parasite (Balouet 1977 . Several attempts of experimental direct horizontal transmission were carried out, reproducing temperature and salinity conditions of transmission period in natural environments, however no concluding results were obtained and the hypothesis of heterogenic life cycle was therefore postulated (Balouet 1977 , Comps & Joly 1980 , Berthe et al. 1998 . Recently, an intermediate host was identified for Marteilia refringens, (Audemard et al., 2002) . In order to avoid the high biodiversity of natural environments such as bays and estuarine systems, the research of a possible intermediate host was carried out in a particular semi-closed natural pond (known as "claire"). In addition, the use of molecular tools instead of classical histological diagnostic methods facilitated the analysis for the detection of the parasite in potential hosts Audemard et al., 2002) . Audemard and co-worker (2002) demonstrated that the copepod Acartia (Paracartia) grani is contiguous to Ostrea edulis in the life cycle of M. refringens. Working in "claires" facilitated the initial screening step of research for intermediate hosts because the biodiversity in these environments is about ten times lower than in estuaries and other semi-landlocked marine coastal areas. However, these results should be validated in more open and complex natural ecosystem (Audermard, 2002; Berthe, 2004) and Delta de l'Elbre bays constitute a site of interest for conducting such study. On an other hand, in Europe, two Marteilia genetic groups were differentiated based on the sequence analysis of the intergenic spacers of ribosomal genes (rDNA) of the parasites. Marteilia refringens (or type "O") that usually infects flat oysters, and Marteilia maurini (or type "M") that usually infects mussels were differentiated based on rDNA ITS-1 sequences Novoa et al., 2005) , while analyses based on the rDNA IGS suggested that parasites infecting oysters and mussels constituted two different strains of one Marteilia species (Lopez-Flores 2004) and if the synonymy of M. refringens and M. maurini is upheld, the name M. refringens would have the priority . Both parasite types "O" and "M" were experimentally transmitted from oysters and mussels respectively to copepods Acartia grani (Carrasco, 2005) . However, infection patterns were different :parasites originating from mussels did not proliferate in copepods while parasites originating from oysters showed proliferation in copepod tissues. Furthermore, the transmission of the parasite from infected copepods to healthy flat oysters and mussels failed, as well as in previous studies (Berthe 2004) , leaving open new perspectives of studying other species as intermediate hosts for Marteilia. In this work, we conducted a survey about the presence of Marteilia sp. in the natural environment of the Ebre Delta bays, an enzootic area of marteiliosis, and more especially in zooplankton community.
MATERIALS AND METHODS

Site of study
The Ebre delta is located in the Northwestern Mediterranean sea (Fig 1) . This delta is formed and drawn by sediments of the Ebre river and includes two semi-enclosed bays: Fangar Bay at the North and Alfacs Bay at the South. Both bays are exploited for mollusc aquaculture and fisheries. The Ebre Delta is the first Spanish shellfish production site on the Mediterranean coast. The production of bivalves is estimated to be more than 2600 metric tons per year (2004, www.gencat.net/darp) . Major cultivated species are mussels, Mytilus galloprovincialis (1700 tn/year), Pacific oysters, Crassostrea gigas (854 tn/year) and Japanese carpet clams, Ruditapes phillipinarum (94 tn/year). In the past, the culture of the European flat oyster, Ostrea edulis, was also carried out in the Ebre delta bays, but several mortality outbreaks in the 90s have led farmers to substitute this specie by C. gigas. Nowadays, only experimental ropes of O. edulis are present in the bays in punctual periods. Oyster and mussel culture is traditionally achieved on ropes tied on wood frames (rafts) also called "bateas".
Zooplankton sampling and treatment
Zooplankton was sampled in both bays in the vicinity of the mussel rafts by means of horizontal net hauls made with a Juday-Bogorov net fitted with 100 µm-mesh. Samples collected in both bays were fixed in 95% ethanol for further analyses. One part of each sample was used for DNA extraction. Zooplankton counting and species identification was carried out under stereomicroscope (Nikon SMZ800). Individuals from dominant species present in zooplankton samples found infected by Marteilia were sorted and selected for further molecular analyses. An initial sampling (one sample from Alfacs bay and one sample from Fangar Bay) of zooplankton was performed in October 2003, as a first preliminary analysis. Then, a sampling was performed every two weeks from June to August 2004, with some extra samples taken in October of the same year. A total of 9 samples were obtained from each bay.
DNA extraction and amplification by PCR
DNA extraction was carried out as follows: ethanol-fixed animals were ground and suspended in 10 volumes of extraction buffer (NaCl 100mM, 10 mM Tris pH 8, 25 mM EDTA pH 8, SDS 0,5%) containing proteinase K (100 µg/ml). Following an overnight incubation at 55ºC, DNA was extracted using a standard protocol involving phenol/chloroform, and precipitation with ethanol. Integrity and quantity of DNA were measured by spectrophotometry. Two PCR protocols previously described were used for the detection of Marteilia in samples of zooplankton. The first one is a simple PCR using primers pr4/pr5 and amplifies a 411 bp fragment of the 18S rDNA and ITS1 (Le . The second one is a nested PCR using successively primer pairs MT1/MT2 and MT1B-MT2B and amplifies, at the end, a 358 bp fragment of the intergenic spacer of ribosomal genes IGS (López-Flores et al., 2004) . PCR analyses were performed as previously published (Le . López-Flores et al., 2004 . For each analysis, DNA extracted from an infected oyster was used as a positive control and what about negative controls???. Pr4/pr5 amplified products showing an expected size of 411 bp were cloned using the pCR 2.1 Vector System (Invitrogen, Groningen, Netherlands). X recombinant clones were selected for PCR-RFLP analysis using Pr4 /Pr5 primers and the restriction enzyme Hha1 (Promega) in order to determinate the genetic type of the parasite (Le . Resulting restriction fragments were analyzed electrophoretically on 2% agarose gels.
RESULTS
Firstly speak about species and abundance found in each zooplankton sampling In a first step, PCR analyses for Marteilia detection were performed using DNA extracted from bulk zooplankton samples. Afterwards, zooplankton species were identified and sorted by microscopical examination of positive samples, and PCR analysis was then realised separately for every of these species in order to identify putative Marteilia hosts. The primers Pr4 and Pr5 amplified products of expected size in one sample from Fangar Bay collected in 2003. PCR-RFLP analysis identified the parasite present in the sample as Marteilia type "M" for all the studied amplicons how many??? (Fig. 3A) . No amplification could be obtained neither for the sample from Alfacs Bay collected in 2003 nor for the samples collected in 2004 in both bays (18 samples). Morphological examination of the zooplankton species present in this positive sample showed that the Calanoid copepod Acartia latisetosa, the Cyclopoid Oithona sp. and an indeterminate Harpaticoid species were the most represented taxa. No amplification was obtained when the PCR analysis was performed using DNA extracted from each of these three identified and sorted species. Nested-PCR using MT primers allowed to obtain amplified products of 358 bp in 8 samples including one of the 9 samples collected in 2004 in Alfacs bay, the unique sample realised in 2003 in Fangar bay and 6 of the 9 samples collected from this last place in 2004 ( Fig. 3B and  4) . Nested-PCR analysis could only be performed on species sorted from sample collected in 2003 in Fangar bay. These tests allowed the detection of Marteilia in the Cyclopoid Oithona sp. and an undetermined Harpaticoid species from Fangar Bay (Fig. 3C) .
You need to re write this section "Results". I suggest 4 paragraphes -First give results about the different species of zooplankton present in the different samples and their respective abundances according to the different bays (differences?) and to the period -Then present DNA extraction results for all your samples : quality and quantity (later in the discussion, it will help you to explain why you had so few PCR results especially for the species once sorted) -You can then give results of PCR using PR4/PR5 on total zooplankton sample and separated species plus the results from the digestion (X clones selected, x with type M and y with type O) -Similarly present results of nested PCR (using primers MT) on on total zooplankton sample and separated species Moreover environmental data and data related to zooplankton species are already available for this particular site (references…). You need to include a small paragraph on types O and M and to give previous results obtained for mussels and oysters from both bays. Until now, limitations of diagnostic techniques have been an important handicap in the protozoan life cycle researches. Development of molecular techniques has improved detection and knowledge on these parasites including Marteilia refringens for which a copepod, Acartia grani, could be identified as a potential intermediate host (Le Roux et al. 1999 , Audemard et al. 2004 ). Moreover, a PCR-RFLP technique (Le ) has been developed allowing the discrimination of two types : "O" which is supposed to infect more often oysters and "M" mussels. A nested PCR targeting a fragment of the IGS was developed more recently (Lopez-Flores et al., 2004) and was used in addition to the PCR RFLP in the present study for the detection of Marteilia in zooplankton samples. Important differences were observed between results obtained by both, ITS-1 and IGS, diagnostic techniques. Pr4/pr5 primers allowed the detection of the parasite in a unique sample, collected in 2003 in Fangar bay while 8 samples appeared infected when tested by nested PCR.
DISCUSSION
Here you need to speak about the quality and quantity of extracted DNA and the difference of sensitivity of both PCR techniques. Then you have to discuss about the detection of the parasite in zooplankton according to the season or period and you have to link this result with those you already obtained in mussels and oysters from both bays in previous study. You also have to disvuss about the different species present in these positive samples (always the same or not?) PCR RFLP revealed that the unique sample found infected when using pr4/Pr5 primer pair was infected by Marteilia type "M". The presumable implication of the zooplankton community in the Marteilia life cycle in complex estuarine environments is hypothetised for several reasons. For me the implication is not so obvious The time chosen for sampling coincided with critical outbreak periods for the parasite: during 2003, zooplankton was sampled one and half month after massive mussel mortalities that took place in summer of 2003 due to high temperature of the water (up to 29 ºC) during several weeks (Carrasco, unplublished results) ; and during 2004, the sampling was carried out during the critical period for Marteilia spp. transmission as observed by (Balouet 1977 . Marteilia was detected in mussels of Delta de l'Ebre bays in 2003 (Carrasco, unpublished results) before the episode of massive mussel mortality in the bays (in both bays???) Only one sample of zooplankton collected in October 2003 was found positive in Fangar bay and PCR-RFLP results on this sample showed that zooplankton was parasitized by the mussel profile while no mussels were alive in the bay. Marteilia propagules released to the environment have presumably short-life (Berthe, 2004) . Most of copepoda species have a life cycle of around one month (Alcaraz, personal communication) . Zooplankton species could play a role of dispersion of the parasite, horizontal or vertical transmission between them, and a role of intermediate host transmitting the parasite between bivalves. Zooplankton community could thus act as a reservoir of the parasite in extreme ecological situations and ensure the continuity of the parasite. 
